An endoglucanase was isolated from cell walls of Zea mays seedlings. Characterization of the hydrolytic activity of this glucanase using model substrates indicated a high specificity for molecules containing intramo- Autohydrolytic degradation of (l-3),( l-+4)-#-D-glucan was first described by Lee et aL (15) (29) MATERIALS AND METHODS Enzyme Preparation. Zea endoglucanase was extracted from the cell walls of 3 to 3.5 d old seedlings and purified as described previously (7). The purified endoglucanase was stable in 20 mm sodium acetate buffer (5.0 pH, 20 mm NaCl) for several months when stored at -20TC. Smaller aliquots of the endoglucanase were prepared and frozen for subsequent use in substrate specificity and hydrolytic activity studies avoiding possible loss of activity from repeated freezing and thawing cycles.
3),(l-A4)-f-D-glucan in coleoptile cell walls of Zea mays is correlated with the growth pattern of the coleoptile. The highest (3-D-glucan content was found in coleoptiles during the rapid elongation phase. When coleoptile elongation decreased or stopped, the content of l-D-glucan decreased significantly. These observations suggest a close relationship of coleoptile elongation with 3-D-glucan turnover.
Autohydrolytic degradation of (l-3),( l-+4)-#-D-glucan was first described by Lee et aL (15) and Kivilaan et al. (13) in isolated cell walls of Zea coleoptiles. Huber and Nevins (8) confirmed that the polysaccharide solubilized during autolysis was derived from the hemicellulosic (1- addition, they identified an exo-f3-D-glucanase and an endo-f3-Dglucanase tightly associated with the Zea cell wall matrix that appeared to be responsible for the autohydrolysis. Other reports of autolytic systems have been made for Avena coleoptiles ( 12) , Oryza coleoptiles (14) , and Phaselous hypocotyls (5 Oligosaccharides of D.P. > 4 were pooled, concentrated, and further resolved on a Bio-Gel P-2 column (1.5 x 150 cm) using distilled H20 at 500C as elutant. One ml fractions were collected and analyzed for total sugar content. Individual peaks ranging from D.P. 4 to D.P. 8 were collected and stored at -20°C until used for analysis.
Determination of Endoglucanase Substrate Specificity. Soluble substrates were prepared in 20 mm sodium acetate buffer (pH 5.0) at a concentration of 1 mg ml-'. For substrates that were not soluble (Avicel and pachyman), suspensions were made in acetate buffer at an approximate concentration of 1 mg ml-'. Purified endoglucanase was added to 1 ml of each substrate to a final concentration of 2.5 Mg ml-' and incubated for 24 h at 30C. Activity was assessed by determining the increase in reducing equivalents produced as compared with a control without glucan solution (total volume 5.5 ml) was added to a CannonManning Semi-Micro Viscometer (size 300), and placed in a water bath maintained at 30°C. After temperature equilibrium had been reached, endoglucanase was added (3 Mg ml-' final concentration) with thorough mixing. The viscosity of the mixture was determined immediately and a 0.2 ml aliquot was removed for reducing sugar analysis. Viscosity measurements were taken every 10 min for the first 90 min, followed by readings at 2, 4, 8, and 24 h. Samples were withdrawn and analyzed for reducing equivalents at 0.5, 1, 2, 4, 8, 12, 24, 36, and 48 h.
Hydrolytic Activity against Cellodextrins and Laminaridextrins. Cellodextrins and laminaridextrins were prepared using the procedure described by Yamamoto and Nevins (27 Methylation analyses ofcarbohydrate samples were performed according to the procedure of Harris et al. (6) . The partially methylated alditol acetates were analyzed by GLC on a 30 m DB-1 fused silica capillary column with a temperature program from 150 to 230'C (4TC min-') with a split ratio of 50:1.
RESULTS AND DISCUSSION
Substrate Specificity of Endoglucanase. The hydrolytic activity of the Zea endoglucanase was investigated against three distinct groups of fl-D-glucans, differing in the type of predominant glucosyl linkage (Table I ). The group of substrates most consistently depolymerized were those containing intramolecular (1--3) and (1-*4) linkages (Table I) . One exception within this group was the pneumococcal polysaccharide RS III. In the reduced form, this polysaccharide consists of alternating (l1--3) and (l1 4) linkages (1). The lack of activity against this molecule would suggest that the Zea endoglucanase does not have a recognition site consisting of either a single (1--4) linkage, a single linkage, or alternating (l-*3),(l-4) linkages. These observations would also eliminate a possible recognition-hydrolytic site that is the same as the (l-3),(l-*4)-f-D-glucan 4-glucanohydrolase of Bacillus subtilis (1) and the (l-3),( l-4)-3-D-glucan endohydrolase from germinating Hordeum (25 glucanase, indicating that the recognition site was not a sequence of contiguous (l1-3) linkages.
Determination of the Hydrolytic Action Pattern. The action pattern of Zea endoglucanase against (l-3),( l-4)-f-D-glucan from Avena endosperm is characteristic of an endohydrolase (Fig. 1) . During the 1st h of incubation, there is a rapid decrease in viscosity. Continued incubation of the reaction mixture to 4 h results in a minimal decrease in viscosity. A linear increase in reducing equivalents is produced during the 1st 4 h of incubation (Fig. 1) . Increased incubation time results in a slow rise in reducing equivalents (inset, Fig. 1 ) for the 1st 24 h, with a slight increase after an additional 24 h of reaction time. The low production of reducing equivalents, combined with the rapid decrease in viscosity, indicates that the endoglucanase hydrolyzes widely separated glucosyl bonds.
To confirm the action pattern of the Zea endoglucanase, aliquots of the reaction mixture were removed at various times and chromatographed on a Bio-Gel A-1.5M column. This column has a theoretical exclusion limit of 1.5 x 106 mol wt. At the start of incubation, the Avena fl-D-glucan elutes in the void volume of this column (Fig. 2) . After 1 h, there is a shift to lower mol wt products. This shift continues with increased incubation time up (Table II) . Based on the reducing equivalents produced, there appears to be a minimum sequence (D.P. 4) that is hydrolyzed by the enzyme. Although D.P. 4 is hydrolyzed, the rate was 5 to 6 times less than D.P. 5 or 6, indicating an enzyme preference for longer sequences of (1) (2) (3) (4) (26) identified regions in Hordeum l-i-glucan that contained extended blocks of 4 to 10 (1-s) linkages, but did not identify regions containing more than a single (1--*3) linkage as proposed by earlier studies (2, 4) . It has been reported that Avena /3-Dglucan contains regions rich in (1-s4) and/or (1-*3) linkages (21 
